The article deals with the problems of the fuzzy logic mathematical apparatus applying to assess the effectiveness of the fuel and energy resources use. The main problems arising during the investigation of the regional energy systems by traditional mathematical methods are given. The reasons for the appearance of these problems, including the uncertainty of the initial information, are indicated. It is shown that in these cases the use of the fuzzy inference systems allows to obtain more reliable and complete picture of the energy consumption by the various industrial consumers. The process of the fuzzy inference systems developing for the fuel and energy resources efficiency estimation use is considered on the example of the energy enterprises.
INTRODUCTION
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In the study of the energetics at the level of the country, region, district it is necessary to use a large amount of knowledge about the various quantitative and qualitative patterns inherent in the energy facilities under consideration. The regional fuel and energy complex is an elaborate geographically limited multifactor system consisting of several levels and complicated connections between levels and objects [1, 2] .
The search and practical testing of various regularities which are different in the energy sector at different levels are very often not possible for a variety of reasons [3] . The given fuzzy model for regional power effectiveness assessing gives the possibility to get this estimate, taking into account heterogeneous input information (we use different characteristics of the heat and electricity distribution processes, as well as other parameters), both quantitative and qualitative taking into consideration incompleteness and uncertainty, which are inevitable for a part of the initial information.
This approach allows us to find more reliable results of the created model output parameter or the assessment of the effectiveness of the regional fuel and energy complex compared with the use of the similar models which are focused on processing only quantitative initial data.
RELEVANCE AND PROBLEM STATEMENT
Since the processes of production, transmission, distribution and consumption of fuel and energy resources are essentially independent of each other, it is advisable to divide the overall task of research and assessment of the effectiveness of the regional energetics into the following sub-tasks:
-sources of energy resources; -thermal and electrical networks; -industrial consumers of energy; -consumers of energy in the housing sector; -energy consumers in agriculture, transport, etc. Additional difficulties in mathematical models creating for solving these subtasks arise when a part of the input information is uncertain [4] .
Such problems can be successfully overcome with the use of fuzzy modeling apparatus or fuzzy logic [5] . Currently, the use of fuzzy models belongs to the most actively developing areas of the complex organizational and technical systems research.
THEORY AND PRACTICAL IMPLEMENTATION
The input variables for the developing models or factors represent the indicators of the regional energetics functioning. These factors are presented as the qualitative assessments of the characteristics of the investigation systems. For each factor is determined its own linguistic variable [6] .
A characteristic feature of the created model is the simultaneous use of the heterogeneous data, for example, relating to the power industry, thermal energetics and other components of the energy industry of the region. So, for electric power, we use information about the production volumes, the supplies to the other regions, the amount of electricity received from the other regions, the losses in the electric networks, specific consumption per unit of the gross regional product, etc.
The output parameter of the developed model is a quantitative assessment of the regional fuel and energy complex work effectiveness. The creating model belongs to the class of MISO-systems with many (n) input variables and one output variable (many inputs -various input data, one output -the efficiency evaluation). Creating a fuzzy inference system, we accept the conditional boundaries for this estimate from 0 to 100.
Taking this aspect into account, the model of the regional energy sector efficiency will represent a functional view of the form:
where X 1 , .., X n -the input data, Z -the output parameter or efficiency evaluation To perform the operation of effectiveness evaluation finding, the developing fuzzy inference system includes the following components:
-rule base; -fuzzy inference mechanism; -the membership functions of the output value y. The rule base is compiled using input variables. Each rule in this database has the form IF a condition is THEN a conclusion and is built on the basis of the concepts of a linguistic variable and a fuzzy statement. forming the base of fuzzy rules, the data obtained from experts and from various sources were used.
To prepare a training set, to each example from it is assigned a separate rule. Many such examples of training sets are defined in the following way:
where
-the values of n input variables; y -the value of the output variable y in the k-th example; K -the total number of examples in the training set.
The compiled rule base was tested for such conditions as consistency, connectedness and redundancy [7] . Such verification is necessary, since the originally established rule base may be redundant and contain contradictions or rules with the same prerequisites, but different final conclusions.
Let us consider the construction of mathematical models based on the fuzzy system on the example of modeling sources of energy resources (we consider combined heat and power plant). The limited length of the article does not allow a detailed description of the entire system, so we give the most important information.
We will combine the initial data into the following groups: annual expenditures, unit costs and efficiency, costs for consumed resources, personnel costs; equipment costs; cost indicators of energy resources produced.
For example, the composition of the group annual costs: -annual consumption of equivalent fuel for the supply of the electricity, -annual consumption of equivalent fuel for the thermal energy supply, -annual consumption of equivalent fuel for heat supply, taking into account electricity for own needs, referred to heat supply, -annual consumption of equivalent fuel for the supply of electricity, taking into account its own needs attributable to the production of electricity.
All these data are mostly clear or expressed by some quantitative indicators. But for the analysis of energy efficiency, such data do not provide the necessary information to analyze the initial information and make decisions, since these numerical indicators cannot show in most cases the achieved or real level of efficiency. It is due to the fact that analyzing such information it is not clear, for example, high or not is the level of fuel consumption for energy generation relative to other energy companies, especially considering the different conditions of their location, equipment composition.
With a large number of input data, it is convenient to present their influence on the final result obtained at the output of the system in the form of a hierarchical logical inference tree [6, 7] . This tree is presented in Figure 1 . Elements of the tree are interpreted as:
• the root of the tree-the efficiency of the regional energetics considered enterprise Q;
• the terminal vertices-the initial data (X 1 ,.., X 20 );
• non-terminal vertices (double circles)-convolutions of the initial data or the results of intermediate conclusions;
• graph arcs emanating from non-terminal vertices-enlarged fuzzy indices (Y 1 -Y 6 ).
Terminal tops represent the annual costs Y 1 , unit costs and efficiency Y 2 , the cost of consumed resources Y 3 , the cost of personnel Y 4 , the cost of equipment Y 5 , cost indicators of produced energy sources Y 6 .
CONCLUSIONS
The given fuzzy model for evaluating the effectiveness of regional energetics makes it possible to obtain this assessment taking into account heterogeneous input information (the characteristics of the processes of production, transmission, distribution of thermal and electrical energy, as well as other parameters are used), both quantitative and qualitative. Also, it takes into account the incompleteness and uncertainty which inevitably exist for a part of the initial information. This approach allows us to find more reliable results of the output parameter of the created model work or the assessment of the effectiveness of the regional fuel and energy complex compared with the use of similar models which are focused on only quantitative initial data processing.
